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Abstract 
A novel low-cost method of amperometric sensors’ fabrication based on thick-film technique on solid support and 
examples of their analytical applications are presented. The advantages of the fabrication method are flexibility in 
design and patterning of the deposited area applicable for both rapid prototyping of test samples and mass production. 
The developed graphite amperometric sensors were applied for quantitative detection of tricyclic antidepressants: 
imipramine and desipramine as well as DNA hybridization. 
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1. Introduction 
Sensor technology is a rapidly growing and has significant potential to improve the operation, 
reliability, and applicability of many engineering systems. Moreover, there is a variety of substances that 
might be determined using electrochemical sensors. These force ongoing research concerning electrodes 
materials and methods of their deposition. In general, there are two approaches in amperometric 
microsensors fabrication: thin- and thick-film technology. Due to cost reduction, in particular for 
disposable sensors, cheap fabrication process is of great importance.  
In this paper, a novel low-cost method of amperometric sensors’ fabrication based on plotting with 
use a microdosing system is described.  
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2. Experimental 
2.1. Sensors fabrication 
The method developed in our laboratory is based on a desk-top XYZ-dispensing robot (325 Ultra TT, 
EFD, USA) for deposition of different materials. The same equipment configuration can be used 
independently of production scale.  
Another advantage of a novel deposition method over screen-printing is reduction of deposited 
material lost. The ploting pastes are transferred from a closed single-use applicator thru a disposable 
dispensing tip onto substrate areas accordingly to prior designed pattern. The excessive material can be 
returned from the applicator to the storage container and laborious and solvent-consuming cleaning of the 
equipment becomes unnecessary.  
The robot allows plot lines down to 200  μm width and ca. 50 μm thick (e.g. conductive paths) as well 
as different sizes filled geometric figures (e.g. electric contact pads, sensing areas, insulation). The sensor 
design can be easily modified by changing through computer program without generation of additional 
costs (photographic masks, screens etc.). This technique can be used for deposition of various materials 
such as: pastes or liquids (epoxy and silicon resins, organic solvent based solutions, bioreceptors) on 
different types of substrates e.g. polymeric foils, glass or ceramics and many other. 
 
 
Fig. 1: Plotting process of microsensors by microdosing robot Ultra TT. 
For current applications, our equipment was set for production of up to 96 sensors in one automatic 
dispensing cycle. The basic structure of amperometric sensors consists of 3 layers, namely: silver layer 
(5000 or 5064 DuPont), graphite (L-951, ITME, Poland) and insulation one (7165 DuPont) deposited 
onto polyester foil (Autostat CT7). Each layer was dried at 120 - 130°C for 15 min. Complete cell sensors 
fabricated with the new technology were applied for the detection of tricyclic antidepressants (TCAs) and 
DNA hybridization. Exemplary microsensors design during fabrication process is shown in figure 1. 
2.2.  Measurements 
Voltamperometric measurements were performed using PalmSens potentiostat (Palm Instruments BV, 
The Netherlands) employing differential pulse voltammetry (DPV). For both type of sensors the 
parameters were optimised. Optimization process for TACs detection is described in next section. In the 
case of DNA hybridization detection was performed with the following final set of parameters: potential 
range was 0.2 - 1.35 V, potential step - 0.010 V, pulse potential - 0.08 V, scan rate - 0.007 V/s, pulse time 
- 0.07s, conditioning potential - 0 V, and conditioning time - 100 s.  
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3. Results and discussions 
3.1. TACs amperometric sensors 
The first attempts were made to choose the best chemical and electrochemical conditions for 
performing quantification of individual TCAs that differ in heterocyclic ring, namely: imipramine (IMI) 
and desipramine (DES). In the course of experiments, different parameters for DPV were optimized, 
including: the potential and time of pulse, as well as step potential. Optimization was carried out in order 
to find the conditions in which the potential of the peak is the lowest and current is the highest 
simultaneously. It was found that optimal pulse time is 0.01 s. Pulse potential was tested in the range 
between 550 and 850 mV. For values higher that 650 mV the drift of baseline appeared. In case of the 
optimization of potential step value, with its increase the peak pulse and potential were rising (Fig. 2). For 
higher potential step less reproducible results were obtained. Then, the final parameters were set as 
follows: 0.01 s, 650 mV and 23 mV for pulse time, pulse potential and step potential, respectively.  
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Fig. 2. The dependence of peak current and potential with the value of step potential. Epulse 540 mV, Tpulse 0.01 s. 
Typical differential pulse voltammograms for imipramine and calibration curves for IMI and DES are 
shown in figures 3a and 3b, respectively. The linear range for both IMI and DES is up to 1 μM. 
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Fig. 3. (a) Exemplary differential pulse voltammograms for imipramine in concentration ranging from 0.01 to 2 μM. Measurements 
in 25 mM phosphate buffer (10 mM KCl, pH 7.4). Estep: 23 mV, E pulse: 650 mV, tpusle: 0.01 s, incubation time: 2 min; (b) calibration 
curves for imipramine (corresponding to peaks height in Fig. 2a) and desipramine obtained using differential pulse voltammetry. 
Determined limits of detection: 123 nM and 56 nM for IMI and DES, respectively. 
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3.2. DNA amperometric sensors 
Next the hybridization of DNA was investigated. Detection of hybridization was performed at 
temperature 370C for 30 min. The results - reduction of oxidation peaks height for guanine and adenine 
for single strand oligonucleotide before and after hybridization with complementary and non-
complementary strands are shown in figure 4.  
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Fig. 4. (a) Differential pulse voltammograms for 5’-CGC-TTG-ATG-ACT-CAG-CCG-GAA-3’(oligo-1) and hybridized oligo-1 
with oligo-1-COMPL: 5’-TTC-CGG-CTG-AGT-CAT-CAA-GCG-3’ after 30-min incubation at 37oC in phosphate buffer solution 
at pH 7.4. Oxidation peaks for guanine (G) and adenine (A); (b) for mismatch oligo-1 and non-complementary strand (5'-GCG AAC 
TAC TGA GTC GGC CTT-3') after 30-min incubation at 37oC in phosphate buffer solution of pH 7.4. 
The well-defined oxidation peaks were obtained for guanine (G) and adenine (A) that appeared at 
potential +0.75 V and +1.0 V, respectively. As can be seen in figure 4a, after 30-minute incubation at 
temperature 37oC of complementary strands, oxidation peaks of guanine and adenine are significantly 
reduced. If compare voltamperogram for the two non-complementary strands after 30-minute incubation 
and voltammogram for the two complementary strands at initial incubation time (0 min) both at 
temperature 37oC (Fig. 4b), it can be stated that there is no difference in height of oxidation peaks for 
both guanine and adenine. Therefore, it can be stated that in the first case hybridization process of the two 
single strand oligonucleotides occurred.  
4. Conclusions 
A full compatibility of commercially available materials designed for screen-printing with the 
developed method of different layer deposition was demonstrated. The proposed technique can also be 
used for deposition of layers of different materials including bioreceptors.  
Future research will be oriented towards application of DNA based sensors for selective 
electrochemical detection of selected TCAs, in particular imipramine and desipramine. 
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